I
showed that cerebral white matter is much more sensitive to ultrasound of high intensity than is gray matter, and that under certain conditions a subcortical necrosis can be produced by a nonfocused ultrasonic beam without causing histologically visible damage to the overlying cortex. Within the irradiated field myelin sheaths and axis cylinders undergo histological changes long before ganglion cells or capillaries are affected. 3,1~
Functional changes in nerve fibers were observed before histological alterations could be detected, 2,13,2~ and sometimes such changes were transient. For example, as early as 19~7 Wood and Loomis 1' had irradiated the spinal cords in animals to the point of temporary paresis, with full return of function within a few days, and similar studies were done by others. 2
These observations suggested experiments devised to determine whether motor manifestations of epileptic seizures originating in the cerebral cortex could be altered or controlled by exposing an active epileptogenic focus and the adjacent white matter to highfrequency, high-intensity sound. The primary aim of this study was to find a method of suppressing the conductivity of the axons in the white matter leading from an active epileptogenic focus without eradicating the focus surgically.
Experimental Method
Epileptogenic loci were produced in 1~ cats by the injection of minute amounts of penicillin into the cortex. The use of penicillin was suggested by the studies of Walker and Johnson. 17 This technique, as extended further by Kooi and Beck, 1I was adaptable particularly to the proposed exReceived for publication August 14, 196~. periments as the chronology and nature of these seizures have been observed repeatedly in our laboratories.
With the injection of the penicillin there was generally an orderly sequence of events. First there occurred a focal intermittent slow spiking, then focal multiple fast spiking, then a gradual spread of the multiple fast-spike discharge to generalized involvement with a concomitant seizure. The seizures were Jacksonian in onset, beginning with twitching in the ear or face and spreading rapidly to generalized involvement. The twitchings began 3 to 15 min. after tile penicillin was injected, in contrast to the delayed seizures resulting from tlle application of aluminum paste.
Prior to the injection of penicillin and under Nembutal anesthesia, cortical electrodes were implanted on the cerebral dura mater through small burr holes in parasagittal, symmetrical positions, and the insulated leads were fixed to the skull with plastic cement and screws. 6 An additional trephine opening, 1~ mm. in diameter, was made over the vertex, its perimeter extending to a point ~ mm. from one side of the sagittal suture at the anterior-posterior midpoint. Through a e7-gauge needle aimed at the center of the exposed dura mater .05 to .1 cc. solution of crystalline penicillin (1 million units per ec.) was injected at a depth 3 ram. below the surface of the brain.
Cortical recordings were taken before and after the injection of penicillin and before, during and after the irradiation of the exposed field by ultrasound. Simultaneously electrocardiograms, respiration, movements of the ear and electrical activity of the semitendinosus muscle of each hind leg were registered.
Two different ultrasonic generators* with transducers, having a vibrating crystal of 8 and 6 cm. 2 respectively, were used for these experiments. The intensity of the sound could be varied from ~ to 10 watts per cm. 2 at a frequency of 1 megacycle. Cone-shaped plastic cups concentrated the beams to a diameter of 1 cm., and the beams were directed perpendicularly to the exposed dura mater. 
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Degassed saline solution served as a coupling medium. The output was measured with a Dallons sonometer.
Results Table I indicates the effects of the irradiation at different intensities and times of exposure on seizure discharges and convulsive behavior. Not included in Table 1 are 5 animals (Cats 1, ~, 3, 4 and 5) used as controls. Cats 1, 4 and 5 were penicillin controls. Each of these was injected with penicillin in the same manner as was employed subsequently in the experimental animals. Cat 1 died in status epilepticus ~ hrs. following the injection, Cat 4, 3 89 hrs. later and Cat 5 was found dead ~4 hrs. following the injection. The other s animals, Cats ~ and 3, were used in exploring the parameters of the ultrasound. Intensities of 7 W/cm. 2 proved too intense for these animals. Cat ~, irradiated for 45 sec., died 5 hrs. later and Cat 3, irradiated for 35 sec., survived for 3 days.
In general, the animals fared much better when the motor manifestations of grand mal seizures were controlled by ultrasound than when the cats were given deposits of penicillin without subsequent irradiation.
Although it can be seen that there were individual differences among the animals, the general effects of increasing intensity of irradiation were as follows: At an intensity of 3 watts per cm. 2 there were no Animal recovered but suffered surgical injury independent of irradiation, i.e., vestibular damage from ear bars Cat recovered, walked, fed itself, but appeared awkward and debilitated until time of sacrifice, 2 wks. postoperative
